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r responsibility ofAbstract Bulk material of (Se80Te20)100xAgx (0rxr4) system was prepared by using a conven-
tional melt quenching technique. Thin ﬁlms of a-(Se80Te20)100xAgx (0rxr4) were deposited by the
vacuum evaporation technique at a base pressure of 104 mbar onto well-cleaned glass substrates.
Temperature dependence of electrical conductivity in the temperature range of 263–333 K has been
studied. There is increase in the value of conductivity with increase in temperature as well as with
Ag content. The measurements of intensity dependence of photoconductivity show that the photo-
conductivity increases with intensity as a power law where the power is found to be between 0.5 and
1.0, representing the continuous distribution of traps. Rise and decay of photocurrent with time at
room temperature at different light intensities for (Se80Te20)98Ag2 thin ﬁlm samples have also been
reported. The results have been explained on the basis of the Dember voltage and interaction between
photoexcited holes and the trapped electrons on the surface.
& 2012 Chinese Materials Research Society. Production and hosting by Elsevier Ltd. All rights reserved.1. Introduction
Special interest has been given to the amorphous thin ﬁlms of
chalcogenide glasses in connection with the modiﬁcation ofls Research Society. Productio
2.05.003
2258820.
diffmail.com (D. Singh),
raj).
Chinese Materials Researchtheir properties on doping with metallic impurities. The impurity
atoms in thermally evaporated amorphous thin ﬁlms of chalco-
genide glasses are electrically active and result in materials with
improved properties. The changes in the physical properties of
amorphous thin ﬁlms are caused by the modiﬁcation of their
structural and chemical disordering due to the presence of high
concentration of defects [1]. Trapping and recombination
processes [2,3], which depend on the distribution and concentra-
tion of these defects, strongly inﬂuence the photoelectrical
characteristics of amorphous materials [4]. Among the amor-
phous chalcogenide alloys, mostly selenium-based materials are
preferred because of their unique property of reversible trans-
formation, which makes these glasses useful as optical memory
devices [5,6]. Their various device applications like rectiﬁers,n and hosting by Elsevier Ltd. All rights reserved.
Fig. 1 XRD spectra of (Se80Te20)100xAgx (0rxr4) thin ﬁlms.
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made them attractive. Selenium is considered to be one of the
most important semiconductors due to its unusual structure [7].
But in the pure state it has the disadvantages of short lifetime and
low sensitivity. This problem can be overcome by alloying Se with
some impurity atoms. It has been pointed that addition of Te to
Se improves the corrosion resistance and lengthens the crystal-
lization of amorphous selenium. Therefore Se–Te based alloy
ﬁlms are thought to be one of the most promising media, which
make use of phase change between an amorphous state and
crystalline state. Addition of Ag, Ge, Sb, Sn, etc., will expand the
glass forming area and also create compositional and conﬁgura-
tional disorder in the system and has large effects on their optical
and electronic properties [8–14]. The investigation of steady-state
and transient photoconductivity is a valuable tool for the study of
the transport mechanism and defect states in semiconductors
[15–17]. The common feature of these glasses is the presence of
localized states in the mobility gap as a result of the absence of
long range order as well as various inherent defects. In chalco-
genide glasses, the localized states in the mobility gap are the Dþ
and D states [18]. The rate of recombination is governed mainly
by the dark concentration of the carriers [19]. Thus these
measurements in chalcogenide glasses may be helpful in under-
standing the recombination mechanisms, which in turn give
information regarding the localized states present in the mobility
gap of these materials. In view of the above we have decided to
work on the Ag doped Se–Te system which shows ionic
conduction. The present paper reports the effect of Ag additive
on electrical properties of (Se80Te20)100 thin ﬁlms and also the
transient photoconductivity measurements on the thin ﬁlm of
a-(Se80Te20)98Ag2 glassy system. Rise and decay of photocurrent
with time at room temperature at different light intensities for
(Se80Te20)98Ag2 thin ﬁlm samples have also been reported. The
analysis of the results gives information about the activation
energy (DE) and different types of the process that inﬂuences the
photoconductive measurements.
2. Experimental details
Bulk samples of (Se80Te20)100xAgx (0rxr4) were prepared
by the melt quenching technique. High-purity (99.99%) ele-
ments were weighed according to their atomic percentage, and
were sealed in a quartz ampoule (length r10 cm and internal
diameter r0.6 cm), in a vacuum of 105 mbar. The ampoule
was kept in a vertical furnace for 72 h. The temperature was
raised to 1373 K, at a rate of 4–5 K/min. The ampoule was
inverted at regular intervals (1 h) to ensure homogenous
mixing of the constituents, before quenching into an ice bath.
The material was separated from the quartz ampoule by
dissolving the ampoule into a solution of HFþH2O2 for
approximately 48 h. The amorphous nature of the samples
was conﬁrmed by the absence of sharp peaks in the X-ray
diffractogram. XRD studies were done using a Phillips PAN
Analytical machine. Using this as source material, thin ﬁlms
were deposited onto well-degassed glass substrates by a
thermal evaporation technique in a vacuum better than 105
mbar using a Hind High Vacuum coating unit (model 12A4D).
The amorphous nature of the thin ﬁlms was conﬁrmed by the
absence of sharp peaks in the X-ray diffractograms. Electrical
contacts with an electrode gap of 0.2 cm in a coplanar geometry
were made using silver paint. The ohmic nature of the contact
was veriﬁed by the straight line passing through the origin ofvoltage versus current plot. For photoconductivity measure-
ments the sample was mounted inside a metallic cryostat with a
transparent window, which allowed light to be shone on the
sample. All the measurements were made in a vacuum of
104 mbar. The temperature of the sample was controlled by
a micro-heater mounted inside the cryostat and measured by a
calibrated PT-100 thermocouple. A tungsten halogen lamp
(Halonix, India) of 500 W was used for illumination. The IR
part of the light was cut off using IR ﬁlters. The intensity of light
was measured with a digital lux meter (LX-101, Taiwan). The
current was measured using a digital picoammeter (DPM-111
Scientiﬁc Equipments, Roorkee). During photoconductivity
studies the silver electrodes were well covered with an aluminum
foil to avoid photo-diffusion.3. Results and discussion
3.1. Structural properties
Fig. 1 shows the X-ray diffraction pattern of (Se80Te20)100x
Agx (0rxr4) thin ﬁlms. The absence of any sharp peaks
conﬁrms the amorphous nature of the samples. X-ray diffrac-
tion shows a big halo from 151 to 351 of 2y values, which is a
signature of the polymeric nature of glass containing selenium
and is also indicative of the fact that the material possesses
only short-range order. Fig. 2 shows the DSC traces for
(Se80Te20)100xAgx (1rxr4) bulk samples at a constant
heating rate (10 K/min). It can be seen from Fig. 2 that the
thermograms show three distinct peaks corresponding to glass
transition, peak crystallization and the two melting tempera-
tures. From Fig. 2, it has been found that there is decrease in
glass transition temperature with increase in Ag content
(Table 1). This is due to the reason that glassy Se has both
chain as well as Se8 ring structures [20]. Addition of Te leads
to increase in the Se–Te mixed rings with simultaneous
increase in Se and Te atoms in chain structure, but there is
decrease in the Se8 ring concentrations. When Ag is incorpo-
rated, it makes bonds with Se and is probably dissolved in the
Se chains. Thus there is decrease in the number of long Se–Te
polymeric chains and Se–Te mixed rings but there is increase
in the Se8 rings. The decrease in chain length may cause a
decrease in Tg [21]. This reason explains the decrease in
Tg with increase in Ag content.
Fig. 2 DSC traces for (Se80Te20)100xAgx (1rxr4) glass at a heating rate of 10 K/min.
Table 1 Electrical parameters for (Se80Te20)100xAgx (0rxr4) thin ﬁlms.
Composition Tg (K) DE (eV) so (O
1 cm1) sd (O
1 cm1) g
a-(Se80Te20)100 337.14 0.573 10,602.66 2.08 106 –
(Se80Te20)99Ag1 341.50 0.510 5423.57 1.12 105 0.69
(Se80Te20)98Ag2 340.25 0.507 13,311.59 3.05 105 0.66
(Se80Te20)97Ag3 337.13 0.503 22,934.55 6.22 105 0.79
(Se80Te20)96Ag4 336.63 0.499 40,331.98 1.30 104 0.89
D. Singh et al.3883.2. Temperature dependent dark conductivity
The temperature dependent dark conductivity (sd) measure-
ments for (Se80Te20)100xAgx (0rxr4) thin ﬁlms are shown
in Fig. 3. The plots of ln sd versus 1000/T are found to be
straight lines, indicating that conduction is through an
activated process having single activation energy in the
temperature range 263–333 K. In most of the chalcogenide
glasses, sd can, therefore, be expressed by the Arrhenius
relation
sd ¼ so exp
DE
kBT
 
ð1Þ
where so is the material-related pre-exponential factor, DE is
the activation energy for dc conduction, kB is Boltzmann’s
constant and T is the temperature. From the slope and the
intercepts of Fig. 3, the values of DE and so have been
calculated and these values are given in Table 1 for different
samples. The value of dark conductivity (sd) for different Ag
concentrations has been tabulated in Table 1. The increase in
the dark conductivity with increase in the temperature is
observed for all the samples (Fig. 3). The values of the DE
have been estimated from the slope of the curve by using least
squares curve ﬁtting and are summarized in Table1. The value
of the sd increases from 2.08 106 O1 cm1 to 1.30 104
O1 cm1 as the Ag concentration increases from x¼0 to
x¼4. Correspondingly the value of DE decreases from
0.573 eV to 0.499 eV as the Ag concentration increases from
x¼0 to x¼4. From Table 1, it has been observed that the
activation energy decreases with increase in the Ag content
and is found to be associated with the shift in Fermi level inimpurity-doped chalcogenide glasses [22,23]. On the other hand,
an increase in dark conductivity after impurity doping has also
been explained in terms of the increased hopping conduction in
impurity induced states [24]. Therefore, the increase in sd after
Ag incorporation which can be interpreted as dark activation
energy (DE) alone does not provide any indication as to whether
conduction takes place by extended states above the mobility
edge or by hopping in the localized states. From Table 1 it has
been observed that higher values of pre-exponential factor
so410
4 O1 cm1for (Se80Te20)100xAgx (0rxr4) thin ﬁlms
represents the conduction of charge carriers through extended
states constituting the valence and conduction bands [1].
3.3. Steady state and transient photoconductivity
measurements
Investigating the light intensity dependence of the photocur-
rent at room temperature is normally a way to conﬁrm the
internal consistency of the recombination model. It is observed
that the variation obeys the power law
Iph ¼ F g ð2Þ
where Iph is the photocurrent (total current minus dark
current), F is the intensity of the light and g is an exponent,
which depends on the recombination mechanism. The value of
exponent g is found to vary between 0.5 and 1.0 for all the
glassy alloys. The variation of photocurrent Iph with light
intensity is shown in Fig. 4. The power g has been calculated
from the slopes of Iph versus F curves. The value of g0.5
indicates a bimolecular recombination process, whereas g1.0
indicates a monomolecular recombination mechanism [25].
Fig. 3 Temperature variation of dark conductivity sd for (Se80Te20)100xAgx (0rxr4) thin ﬁlms.
Fig. 4 Dependence of photocurrent on light intensity for Se–Te–Ag ﬁlms at room temperature.
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continuous distribution of traps [26]. In the present case, the
value of exponent g is found to vary between 0.5 and 1.0 for all
the glassy alloys (Table 1). This indicates that there is a change
in the recombination process with the change in composition
and a continuous distribution of the localized states exists in
the mobility gap of glassy system under study [26]. The
variation of photocurrent Iph with time t during and after
the illumination for different compositions is shown in Fig. 5.
All the samples show the same trend. The transient photo-
conductivity was determined by exposing all the samples to
visible light from a tungsten halogen lamp and simultaneously
recording the current. Fig. 6 shows the rise of the photo-
current in (Se80Te20)98Ag2 with time at room temperature and
different illumination levels. Samples were illuminated for
120 s. Such a rise in photocurrent is common in chalcogenide
glasses [27–31]. The nature of the curves is similar at different
intensities. The behavior of the decay curves (shown in Fig. 7)
is also of the same nature at different intensities. Addition of
Ag in Se-based glasses causes the formation of Ag–Se ionic
bonds. In Ag containing chalcogenide glasses, mh4mþAg and
mh4me, where mh, mþAg and me are mobilities of the hole, Ag
þ
ion and electron, respectively [32,33]. When the sample is
illuminated with light with applied bias, photoexcited holes
may ﬂow from the positive electrode to the negative electrode.Agþ ions may not inﬂuence the hole ﬂow if the distribution of
Agþ ions is uniform. Due to negligibly small mobility of
photoexcited electrons, they will not contribute to the photo-
current. Thus the photocurrent may be considered as only due
to the hole ﬂow. In the present case, the photocurrent rises
with time, reaches its maximum value and then decreases as
shown in Fig. 6. The rise of photocurrent is due to the increase
of photo-generated holes and it becomes constant once the
steady state is reached, but the decrease may be due to the
appearance of Dember voltage [32,33]. In Ag containing
chalcogenide glasses, upon illumination, a negative Dember
photovoltage has been reported [32,33]. The cause of the
negative Dember voltage is the non-uniform generation of
carriers due to non-uniform absorption. More electron–hole
pairs are generated at the surface due to higher absorption of
photons there. The carriers diffuse away from the surface due
to the concentration gradient. The holes, being more mobile in
chalcogenide, diffuse faster as compared to electrons thereby
generating a negative Dember voltage. The electrons at the
surface recombine with the photogenerated holes, decreasing
the photocurrent. But this negative Dember voltage is short
lived, since the positive mobile silver ions move toward the
surface in response to the above voltage. Hence the Dember
voltage decays with a time constant that depends on the ionic
motion [32]. In conventional semiconductors the surface acquires
Fig. 5 Rise and decay of the photocurrent with time at room temperature and ﬁxed intensity (1200 lux) for (Se80Te20)100xAgx (0rxr4)
thin ﬁlms.
Fig. 6 Rise of photocurrent with time at room temperature at different light intensities of (Se80Te20)98Ag2 thin ﬁlm samples.
Fig. 7 Decay of photocurrent with time at room temperature at different light intensities of (Se80Te20)98Ag2 thin ﬁlm samples.
D. Singh et al.390a positive polarity due to the higher mobility of electrons [34].
The increased concentration of surface electrons causes an
increase in recombination of holes and thereby a decrease in
the photocurrent. Based on the above experimental ﬁndings weobserved that our results are in accordance with the experimental
ﬁndings of D. Sharma et al. [33]and R.S. Sharma et al. [35]. The
transient photoconductivity in thin ﬁlms of Se75Te20Ag5 and
Se70Te30xAgx has been reported by them. Anomalous behavior
Transient photoconductivity in a-(Se80Te20)100xAgx (0rxr4) thin ﬁlms 391has been observed by these workers in the rise and decay of
photocurrent.4. Conclusion
Thin ﬁlms of (Se80Te20)100xAgx (0rxr4) have been prepared
by thermal evaporation. The glass transition temperature is
found to decrease with increase in Ag content. The main reason
behind the decrease in glass transition temperature is decrease in
the Se–Te polymeric chains and Se–Te rings. The dark con-
ductivity increases with increasing Ag content and is found to be
activated over the entire temperature range. The activation
energy decreases with the increase in Ag content and is found
to be associated with the shift in Fermi level in impurity-doped
chalcogenide glasses. The value of exponent g is found to vary
between 0.69 and 0.89 for the glassy alloys. This indicates that
there is a continuous distribution of the localized states existing
in the mobility gap of glassy system under study. From the
transient photoconductivity measurements on the thin ﬁlm of
a-(Se80Te20)98Ag2 glassy system, it has been observed that the
rise and decay of the photoconductivity show the similar
behavior for the different intensities. It has been observed that
the photoconductivity increases with time, reaches its maxi-
mum value and then decreases; the decrease may be due to the
appearance of a negative Dember voltage and the interaction
between the holes and the trapped electrons on the surface.
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